Rubusoside, the /?-D-glucosyl ester of 1 3-O-/?-D-glucosyl-steviol which was isolated from leaves of Rubus suavissimus collected in China as the major sweet principle (yield: 5.4%), was subjected to a-1 4 transglucosylation with the cyclodextrin glucosyltransferase produced by Bacillus megaterium Strain No. 5 using soluble starch as a donor. A significant improvement in the quality of sweetness was observed for the crude reaction mixture, which was separated into mono-, di-, tri-, tetra-, penta-, and hexa-glucosylated products. All isomers of the mono-and di-glucosylated products were further separated. Evaluation of the sweetness of these products compared with stevioside, rebaudioside A, etc. disclosed that the ratio of the number of glucose units at the 13-hydroxyl group to that at 19-carboxyl group seems to have a significant relationship with the sweetness as well as the quality of taste for glucosides of this type.
As part of a series of studies on natural sweet glycosides, we have isolated a sweet principle named rubusoside (1) (jS-D-glucosyl ester of 13-O-jS-D-glucosyl-steviol) in a high yield (5.4%) from leaves of a Rubus species (Rosaceae) collected in Kwangchow, China.1* provement of the quality of sweetness of 3 and its derivative, steviolbioside (5).4) The present paper deals with the enzymic transglucosylation of 1 which led to an improvement of its sweetness, disclosing some significance for the structure-sweetness relationship of steviolbisglycosides.
Rubusoside (1) was subjected to enzymic /ra^-a-D-glucosylation using starch as a donor under the same conditions used in our previous paper.4) Ultra-filtration of the reaction mixture afforded an enzyme-and polysaccharide-free product (RG), which was treated with Amberlite MB-3to give a deionized product (RG-DI).
By column chromatography on silica gel, RG-DI was fractionated to give unchanged 1 (recovery: 7.2%), monoglucosylated products, RG-la (yield:
2.5%) and -lb (6.5%), a mixture of diglucosylated products (RG-2a, -2b and -2c) (ll.0%), a mixture of tri-and tetra-glucosylated products (RG-3,4) (18%) and a mixture of penta-and hexa-glucosylated products (RG-5,6) (14%). mixture of diglucosylated products was rechromatographed on silica gel and further purified by a combination of HLC on silica gel and octadecyl silanized silica gel columns as described in the experimental section, affording pure RG-2a, -2b and -2c. lacking the ion at m/z 907 due to a glucotriose unit. On alkaline saponification, RG-2b and RG-2c yielded 7 and 6, respectively. Alkaline saponification of RG-2a afforded a glucoside (8) which was formulated as 13-0-/3-maltotriosyl-steviol based on its three anom- The mixture of tri-and tetra-glucosylated products was further chromatographed on silica gel to give triglucosylated mixture (RG-3) (yield: 13.5%) and tetraglucosylated mixture (RG-4) (4.5%), which showed ions at m/z 1 151 (steviol-(glc)5 +Na)+ and 1313 (steviol-(glc)6 +Na)+ in their FD-MS, respectively. The separation of RG-3 and -4 into their components has not been conducted because it is difficult even by HLC. The mixture of pentaand hexa-glucosylated products was also separated into a pentaglucosylated mixture (RG-5) (yield: 9.0%) and a hexaglucosylated mixture (RG-6) (4.4%) by rechromatography on silica gel. The numbers of the transfered glucose Quality of taste relative to 3: + 4, remarkably better; +3, fairly better; +2, better; + 1, slightly better; 0, almost the same; -1, worse. Ratio of number of glucose units on 13-OHto that on 19-COOH.
units of both mixtures were tentatively anticipated by their Rfvalues on TLC.
The structure-sweetness relationship of steviol glycosides has been reported.4'13) The relative sweetness of the compoundsand mixtures of the present study as well as the relative quality of the taste are listed in Table I, which gives additional information on this subject.
The remarkable improvement of the quality of taste (such as bitterness for 1 and 3) was observed for RGand RG-DI. In the RG-1 series, RG-1a was found to be superior in both sweetness and its quality of taste to 1 and RGlb. In the RG-2series, sweetness and quality were remarkably improved for RG-2a, being more delicious than 4, while a change of sweetness and taste for the worse was evidently observed for RG-2b. This evidence strongly suggests the important relationship between the sweetness including the quality of taste and the ratio of the numberof glucose units at 13-and 19-positions. The ratio of 13-O-glc : 19-0- glc of the better sweeteners are more than 1 : 1, i.e., 2: 1 in RG-laand3; 3: 1 inRG-2aand4, while that of the worse sweeteners is less than 1:1, i.e., 1:3 in GR-2b. It is notable that synthetic 1 3-0-/?-grucosyl-1 9-j6-cellobiosylsteviol (9) evidently exhibited low sweetness and worse quality of taste than 3 in our previous paper.4)
Further study on the syntheses of a variety of steviol glycosides and their structuresweetness relationship are under progress to confirm this argument. EXPERIMENTAL 13C NMRspectra were taken on a JEOL PFT-100 spectrometer at 25.15MHz pyridine-d5. MS were recorded on JEOL 01 SG-2 spectrometer at 75eY (ionization voltage). Acetylation for MSwas conducted with Ac2O-pyridine in the usual way.
Transglucosylation. To a solution of1 (9 g ) and soluble starch (9g) in H2O (170ml) and 1 m acetate buffer (pH 5.4, 2 ml), was added cyclodextrin glucosyltransferase10) (120 unit/ml, 2ml) and the mixture was incubated at 40°C for 8hr and then at 28°C for an additional 10hr.
After boiling for 15min, the mixture was concentrated to dryness in vacuo. A 10%aqueous solution of the residue was subjected to ultra filtration through a filter, G-10T (Bioengineering Co., Ltd.), at the pressure of 2 kg/ cm2. The filtrate was concentrated to dryness in vacuo to give RG (13.5g ). An aqueous solution of RG (9.9g) was deionized by passing through a column of Amberlite-MB-3 and concentrated to dryness in vacuo to afford RG-DI (9.1 g).
Separation of glucosylated products. Column chromatography of RG-DI (9.0 g) on silica gel by gradient elution with EtOAc-EtOH-H2O (16 : 2 : 1-8 : 4 : 1, homogeneous) afforded unchanged 1, RG-la, -lb and three mixtures of 2b, 2c, [4] [5] 6 in yields (from 1) of 7.2 (recovery), 2.5, 6.5, 1 1.0, 18.0, and 14.0%, respectively.
The mixture of RG^2a, 2b, 2c (1g) was chromatographed repeatedly on silica gel by elution with EtOAcEtOH-H2O (8 : 2 : 1, homogeneous) to give two fractions, A and B. Fraction A, which consisted of RG-2a and -2c, was separated by preparative HLC on a reverse phase column of TSK gel LS-410 (7.8mm i.d. x 60cm), mobile phase MeOH-H2O(8 : 2), flow rate: 2ml/min, detection: RI, affording RG-2a (300 mg) and -2c (150mg). Fraction B, which mainly consisted of RG-2b and a small amount of -2a and -2c, was separated by preparative HLCon silica gel, Radial Pak silica, Waters (8mm i.d. x 10cm), mobile phase EtOAc-EtOH-H2O (8 : 2 : 1, homogeneous), flow rate: 2.5 ml/min, detection: RI, affording RG-2b (370 mg).
The mixture of RG-3,4 (1.5 g) was subjected to repeated
